Abstract. To further investigate the variation of stress under moving traffic loads in tunnel entrance and exit area, in this paper, a 3-D finite model(FE) of the pavement structure in entrance and exit section was established. The pavement of the tunnel consists of asphalt concrete and cement concrete. The viscoelastic property of asphalt mixture and the damping effect of the structure were considered. Dynamic traffic loads was applied during simulation. It is shown that the maximum interlayer shear stress between AC and PCC in the entrance and exit area of the tunnel was 28.37% larger than that of the regular pavement in the tunnel, which may be caused by the low cohesion between AC and PCC layers in the entrance and exit area of the tunnel.
Introduction
Great achievements have been made on highway construction in China, but pavement distress e.g. rutting, fatigue cracking, water damage, etc. appear in some sections within the design life, especially in special sections, such as polishing and traffic accidents in the entrance and exit section of freeway tunnel. Taking Niuwangshan tunnel in Jincheng-Yangcheng freeway [3] as a typical example, only 18 months after opening, the pavement texture depth decreased from 0.72mm to less than 0.2mm, and accordingly the number of traffic accidents in this section rose dramatically, accounting for about 50% of the total accidents in the whole line.
Taking into account this situation, researchers have already made great efforts. Fang Jing et al, established operating speed models for trucks at freeway tunnel sections and analyze the characteristics of driving behaviors through car following tests [2] . Li Yingtao analyzed working conditions of tunnel pavement, compared the performance between cement concrete pavement and asphalt concrete pavement in the tunnel and found that asphalt concrete pavement was preferred in tunnel pavement selection [3] ; Gao Jing also analyzed working conditions of tunnel pavement and suggested that composite pavement should be taken precedence in the entrance and exit section for its comfort, anti-slide and convenient to repair [1] . In previous, there are not many studies on the stress response under moving loads in entrance and exit section. In this paper, based on Jinan-Dongying freeway, three critical stress indexes(shear stress between AC and PCC in pavement of the tunnel , interlayer shear stress between SMA-13 and AC-16 , AC-16 and AC-20C in main line pavement ) are chosen, calculated and analyzed under moving loads, considering of viscoelastic property of asphalt mixture and the damping effect of the structure through ANSYS FE program.
Dynamics Basic Theory
According to Hamilton's Principle, pavement dynamics finite element equation is as follows:
（1）
Where: M is the pavement mass matrix; C is the pavement damping matrix; K is the pavement stiffness matrix; F(t) is the loading function; u,u ,u are node displacement, velocity and acceleration respectively.
Rayleigh damping assumptions was used to calculate damping matrix: （2） Where: α and β are damping coefficient, and in this analysis, their simplified forms were used: α=2λ1ω1, β=2λ1/ω1 （3） where: ω1 is the natural circular frequency; λ1 is modal damping ratios.
Viscoelastic parameters of asphalt mixture
To characterize the mechanical property of asphalt mixture, the Burgers model has been used in this paper, which is illustrated in Figure 1 constants , , and were obtained from Reference [8] . （6）
Where ; , , , , are constants related to , , and .
Pavement Structure and FE Model

Pavement Structure
Based on the structure of main line of Jinan-Dongying Freeway and other studies [1, 5] , the proposed pavement structure of entrance and exit section and geomaterial are shown in Table 1and Table 2 . 
The FE model
Loads were applied at three different positions respectively: (a) pavement in entrance and exit area of the main line; (b) junction pavement in entrance and exit area; (c) pavement in entrance and exit area in the tunnel to simulate the process of entering and leaving a tunnel. Three corresponding finite element models were established respectively and shown in Figure 2 , Figure 3 and Figure 4 .
The size(x,y,z) was 4m×5m×10m. The x-axis was on the pavement transverse direction and the z-axis was on the advancing direction. To simplify the grounding shape of tires, it was assumed that the grounding shape was rectangle (18cm×20cm) and the distance between the center of two tires was 30cm [4] . It was supposed that surface course materials were linear viscoelastic and other materials were homogeneous, isotropic and linear elastic [7] . The natural circular frequency of subgrade was 8.2 rad/s, and other materials' were 18.6 rad/s [6] . In this section, the speed varies. Vehicles accelerate when entering tunnels and decelerate when leaving tunnels. Thus in this paper, both vertical and horizontal loads were applied. Traffic loads would move 0.1m in every load step and there were 9 load steps in each position.
Speed, acceleration [2] and physico-mechanical calculation parameters of traffic loads were given in Table 3 and Table 4 : (1) Critical stress for tunnel pavement Due to the large difference of dynamic modulus between asphalt mixtures and cement concrete, it was easy to fail in the interlayer. Thus, the maximum interlayer shear stress between asphalt concrete layer and cement concrete layer( )was chosen for the pavement of tunnel.
(2) Critical stress for main line pavement Due to the variation of speed and the consequent horizontal braking force, interlayer shear stress between SMA-13 and AC-16( ), AC-16 and AC-20C( ) in main line pavement were chosen.
Results and analysis of
To make a comparison between the pavement in entrance and exit area of the tunnel and regular one in the tunnel, the simulation results of are shown in Table 5 . Table 5 , it is shown that in entrance and exit area of the tunnel is 28.37% larger than that of regular pavement in the tunnel, in both processes of entering and leaving tunnel.
It was probably because in the entrance and exit section the pavement geomaterials changed suddenly, therefore low cohesion between AC and PCC and inconsistent deformation of AC and PCC were caused. Besides, frequent acceleration and deceleration of moving loads may further deepen the difference. Thus in entrance and exit area of tunnel increased. When loads were applied on pavement in entrance and exit area of the main line and pavement in junction parts, the corresponding in entrance and exit area of the tunnel was shown in Table 6 . It is found that in the process of entering tunnel, increases with loads moving forward and peaks when loads arrive just at the junction position of two pavement structures. After that it decreases to the value of the pavement in entrance and exit area of the tunnel (shown in Figure 5 ), and vice versa in the process of going out of tunnel(shown in Figure 6 ). But the maximum of during the processes of going into and out of tunnel are 19.92% and 20.91% larger than the average value of in entrance and exit area of the tunnel respectively, which may be also caused by the suddenly changing geomaterials. 
The simulation results of in the entrance and exit area of the main line and regular main line pavement are listed in Table 7 . Table 7 , it is shown that there is minor difference between of regular main line pavement and that in entrance and exit area of main line in both processes. The average value of regular main line pavement are the biggest in the three, which is 0.69% higher than that in the process of going into tunnel and 2.27% higher than that in the process of going out of tunnel.
in entrance and exit area of main line is quite small when loads were applied on pavement in entrance and exit area in the tunnel and decreases with the increase of distance away from the pavement in entrance and exit area of main line in both process(shown in Table 8 ). It should also be taken notice that in this situation in the process of going out of tunnel is almost 4~5 times of that in the other process. When loads were applied on junction parts, increases and peaks at the junction position both in the processes of going into and leaving tunnel, but their maxima are quite different, with the former 32.24% higher than the latter. 
in the entrance and exit area of the main line and regular main line pavement are shown in Table 9 . Table 9 , it could be found that of regular main line pavement is slightly different from that in the entrance and exit area of the main line. In this situation, the values of are smaller than as a whole. However, it is quite different when loads were applied on the pavement in entrance and exit area of the tunnel that are almost 4 times of (shown in Table 10 ). Because the values of are small, its effect on pavement would probably be small. When loads were applied on junction pavement, increases and also peaks just at the junction position. The maxima of in both process are nearly same, with difference of 0.91%, which is quite different from . 
Conclusion
In this paper, the 3-D FE model of the pavement structure in entrance and exit section was established considering viscoelastic property of asphalt mixture and the damping effect of the structure. Three chosen stress indexes were calculated under moving loads:
(1) in the entrance and exit area of tunnel is larger than that of regular pavement in the tunnel. It is probably because geomaterials suddenly changed in this area, therefore low cohesion between AC and PCC and inconsistent deformation of AC and PCC was caused. Besides, frequent acceleration and deceleration of moving loads further deepened the difference of between pavement in the entrance and exit area of tunnel and regular pavement in the tunnel.
(2) of regular main line pavement and the entrance and exit area of main line are nearly all the same. When loads were applied on entrance and exit area of the tunnel, in the process of leaving tunnel is almost 4~5 times of that in the other process. When loads were applied on junction pavement in entrance and exit area, maxima of in two processes are quite different and that in the process of going into tunnels is 32.24% higher than the other.
(3) when loads were applied on the entrance and exit area of tunnel, values of are almost 4 times of that of . However, is lower than when loads were applied on the pavement in entrance and exit area of main line and regular main line pavement.
